To investigate within live mammalian cells the uptake and disposition of combretastatins, fluorescence lifetime imaging was used with two-photon excitation (2PE). Combretastatin A4 (CA4) and analogues are potential anticancer drugs due to their ability to inhibit angiogenesis. E(trans)-combretastatins are considerably less active than the Z(cis)-combretastatins proposed for clinical use. However the E-combretastatins exhibit stronger intrinsic fluorescence with quantum yields and lifetimes that depend markedly on solvent polarity and viscosity. It is proposed that 2PE in the red and near-infrared tissue window may allow in situ isomerization of Ecombretastatins to the more active Z-isomer, offering spatial and temporal control of drug activation and constitute a novel form of photodynamic therapy. In the present work we have characterised 2PE of E-CA4 and have used fluorescence lifetime imaging with 2PE to study uptake and intracellular disposition of E-CA4 and an analogue. The results show that these molecules accumulate rapidly in cells and are located mainly in lipidic environments such as lipid droplets. Within the droplets the local concentrations may be up to 2 orders of magnitude higher than that of the drug in the surrounding medium.
INTRODUCTION
The combretastatin drugs are based on the combretastatin A4 molecule isolated by Pettit and co-workers in 1982 from the African bush willow, 1 Combretum caffrum.
The main variant, combretastatin A4 (Z-CA4) (and the water soluble pro-drug phosphate ester CA4P), exert anticancer activity by binding strongly to the colchicine site of tubulin and preventing polymerization to microtubules. 2, 3 In regions surrounding developing tumours this leads to inhibition of angiogenesis through interfering with vascular endothelial-cadherin signalling, 3, 4 depriving the tumour of the nutrients required for growth. In vitro cellular assays of toxicity show Z-CA4 to be highly effective and active at nanomolar concentrations in the cell medium. 5 Combretastatins are substituted stilbenes that are two to three orders of magnitude more active as the Z-(cis) isomers compared with the corresponding E-(trans)
isomers. 5 This difference results from the geometrical requirements and substitution pattern required for molecular binding at the colchicine site on the tubulin dimer. In room temperature solution, E-stilbenes generally have moderate fluorescence quantum yields and sub-nanosecond lifetimes, whereas Z-isomers are virtually nonfluorescent. Fluorescence yields and lifetimes of E-isomers increase with solvent viscosity as the competing E→Z isomerization rate decreases. 6 Electronic excitation of fluorophores using two-photon excitation (2PE) is seen as an attractive method for biological imaging and cellular photochemistry 7 because of the transmission of near infrared light through tissue and readily available ultrafast Ti:sapphire lasers providing MHz 200 fs pulse trains. The concept of using 2PE to isomerise Ecombretastatins relates to other biological applications of multiphoton excitation such as in photodynamic therapy 8 where tissues are very much more transparent in the 4 near-infrared region (700 -900 nm) than in the visible spectrum. 9 For fluorescence microscopy 2PE also has the advantage of pseudo confocality (because of the femtolitre volume targeted where sufficiently high photon densities are obtained within the focussed laser spot) and allows excitation of UV-absorbing fluorophores that is usually prevented by absorbing elements within the microscope optics or the cell itself. 10 In an alternative approach to the development of combretastatins as anticancer agents and as probes in identification of the cellular site of action, aryl azide derivatives of Z-CA4 have been identified as excellent candidates for photoaffinity labeling studies of tubulin.
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In this report we describe real time observation of the intracellular uptake of two 15 as standards.
MATERIALS AND METHODS
Fluorescence quantum yields were determined from the relative slopes of plots of The sample could also be imaged using a confocal imaging system (Nikon eC1-Si) on the same microscope using 488 and 543 nm excitation. Cell images were overlaid using Adobe Photoshop CS3. 2PE cross sections were determined as described by Mathai et al., 18 using 9-chloroanthracene as a reference fluorophore.
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RESULTS AND DISCUSSION
Fluorescence properties -spectra, quantum yields and fluorescence lifetimes
The absorption and fluorescence emission spectra of E-CA4 and E-CA4F in dichloromethane are similar ( Figure 2 ) with E-CA4 and E-CA4F having ultraviolet absorption maxima at 332 and 329 nm respectively. In contrast, Z-CA4 has a less intense absorption maximum at shorter wavelength (298 nm). The fluorescence quantum yields (φ) for E-combretastatins with UV excitation (290-300 nm) were found to strongly depend on solvent polarity and viscosity, ranging from 0.07 to 0.42
with lower values in low viscosity, polar protic solvents (methanol and ethanol) and higher values in non-polar or viscous polar solvents (hexane and glycerol).
Fluorescence quantum yields for E-CA4F were generally higher than for E-CA4.
Fluorescence lifetimes were determined using 2PE at 630 nm with the microscope TCSPC setup (overall time response of 25 ps fwhm) and produced the results shown in Table 1 Published cross sections for two photon absorption (σ 2 , the probability of an absorption process or photon interaction) show large variations depending on the method of measurement and the power range and pulse duration of the laser used for excitation. 18 Values of σ 2 were measured using a 9-chloroanthracene (9ClA) as a reference fluorophore 18 with an appropriate fluorescence spectrum and measured 2PE cross-sections. 19 The values of σ 2 at 620 nm for E-CA4 and E-CA4F in DCM were determined to be 2.1 ± 0.5 and 2.75 ± 0.6 GM units respectively. The combination of Ti-sapphire laser and OPO allowed investigation of decreasing wavelength to 560 nm, whereupon E-CA4 showed a substantial increase in cross section (Figure 2 ), similar to that reported for bis(diphenylamino)-stilbene by Makarov et al.. show biphasic uptake with an initial unresolved rapid phase within the first 100 seconds and a slower phase lasting over several minutes. The initial rise in fluorescence in Figure 4C cannot be ascribed to the fluorescence of E-combretastatin added to and remaining in the extracellular medium. On the basis of the intensity from calibration solutions, the added E-combretastatin (10 µM) would be expected to contribute an additional 0.56 counts per pixel in these images, compared with an initial rise of 3.6 counts per pixel in Figure 4C . Furthermore, the longer (>900 ps) fluorescence lifetimes in the intracellular FLIM image indicate an intracellular viscous or hydrophobic environment for E-CA4F even at this early stage (see below).
Both E-CA4 and E-CA4F are excluded from the cell nucleus, and E-CA4 appears to be located mainly within the cytoplasmic region of the cell.
In contrast E-CA4F
shows a more punctuate distribution in CHO cells. Red, a dye known to localise in lipid droplets and membrane systems in cells. 27 Nile
Red staining of cells previously loaded with E-combretastatins was imaged using the confocal scanning facility on the multiphoton microscope using an excitation wavelength of 488 nm to preferentially observe lipid droplets over membranes. 
CONCLUSIONS
Overall these results show that the E-combretastatins are rapidly (within minutes) accumulated by live mammalian cells and reach intracellular concentrations many times those in the medium. This is likely to be a passive process depending mainly on the lipophilicity of these compounds. In typical toxicity assays the concentrations of Z-and E-combretastatin A4 required to kill these cells are determined to be in the nanomolar and micromolar regions respectively. 5 The present results suggest that the true intracellular concentrations are much higher and for Z-CA4 may correspond more closely to the micromolar concentrations at which inhibition of microtubule assembly is observed. 29 Since the active Z-combretastatins exhibit extremely weak fluorescence, only with the less active but more fluorescent E-combretastatins has it been possible here to observe the rapid intracellular accumulation. Since the E-and Zisomers are likely to differ very little in terms of lipophilicity, it may be expected that Z-combretastatins are similarly accumulated within mammalian cells. 
FIGURE LEGENDS

Figure 1
Structures of E-and Z-combretastatin A4 and fluorinated analogue used in this study.
Figure 2
Normalised one-photon absorption and fluorescence spectra of the E-CA4 (full curves) and E-CA4F (dotted curves). The spectrum of Z-CA4F (dashed curved) is shown for comparison with the absorbance at the correct ratio to that of E-CA4F. Also shown are the 2-photon cross sections for E-CA4 (-) on a wavelength scale (top axis) at twice that used for the one-photon spectra. All spectra were measured in dichloromethane.
Figure 3
Correlation between fluorescence quantum yield and fluorescence lifetime (both measured at 20 ºC) for E-CA4 () and E-CA4F () in the range of solvents shown in Table 1 . Inset: Effect of solvent viscosity on fluorescence lifetimes and quantum yields for the alkanols in Table 1 . show the combretastatin concentration in µM.
